Thirteen trauma patients admitted to a major injuries unit were classified according to their injury severity. Urinary excretion of total protein, albumin and gamma glutamyl transpeptidase (GGT) activity were assessed over the following 6 days. All patients showed an initial glomerular and tubular proteinuria during the first 24 h which subsided by the second post-trauma day. The excretion of total protein and albumin was positively correlated with injury severity. Those patients with the severest injuries showed a marked recurrent total proteinuria around days 3 to 4 post-trauma which exhibited features of a tubular lesion. The recurrent proteinuria peak coincided with peak levels of serum c-reactive protein (CRP).
Assessment of proteinuria following injury has been confined to the study of burns patients. The degree of proteinuria has been shown to be proportional to the severity of burn injury, and excretion of plasma proteins in urine was greatest during the first 2-3 days after injury. I. 2 Shakespeare et at. J confirmed that the excretion of albumin was maximal in the first 48 h post-burn injury, but that total protein excretion reached a peak after 5-7 days and exhibited some features of a tubular proteinuria. Furthermore, the suggestion was made that the secondary 'tubular proteinuria' might be related tothe inflammatory response to injury. In the first few days after injury, severely burned patients often exhibit myoglobinuria and haemoglobinuria which occasionally can lead to renal failure: problems which are not seen in non-burn trauma patients to the same extent. The purpose of this study was to establish whether similar changes in urinary proteins occur following non-burn trauma and if so, whether the changes are related to injury severity.
Materials and methods

PATIENTS
Thirteen patients were studied following admission to the Major Injuries Unit at Birmingham Accident Hospital. All patients were catheterised on admission and all urine was collected until 07·00 h the next day, after which successive 24 h collections were made until the patient Correspondence: Peter Gosling. was transfered to the ward. No catheterisation was noted to be difficult or to require bouginade. The initial collection period ranged from 5 to 24 h (mean 15 h). Urine volume was measured, and aliquots stored at -20°C for albumin determination and 4°C for total protein and GGT measurements. Blood samples for CRP estimations were generally taken at 09·00 h, and the serum separated and stored at -20°C. At approximately 2-day intervals urine was investigated for the presence of pathogens and at no time was a significant growth noted. No patient became anuric or showed any features of renal insufficiency during the study period.
ASSESSMENT OF INJURIES
Injuries were scored using the Abbreviated Injury Scale (AIS) developed by the Committee on Medical Aspects of Automotive Safety. 4 This system is an attempt to quantify each injury; for example, muscle ache or chest wall stiffness have a code of 1, whilst multiple open limb fractures have a code of 5. Each injury is coded separately and then summated to give the AIS. Table 1 summarises patient demography, major injuries and AIS values.
TOTAL PROTEIN MEASUREMENT
Total protein was determined using Biuret reagent after precipitation with trichloroacetic acid, and redissolving in alkali.? Solutions of human albumin were used as standards. Interassay coefficients of variation at 100 and 400 mg/L were 9·5 and 3·2% respectively. 
REFERENCE VALUES
The mean value (±SD) for urinary total protein, albumin and GGT excretion rates for 20 subjects with no history of renal disease were 60 (±17·4) mg/24 h, 5·2 (±6'1) mg/24 hand 39 (±14) iu/24 h respectively. The reference range of < 4·0 mg/L for serum CRP was obtained from 50 normal subjects. Table 2 shows the mean values for urinary proteins excreted during the first 5-24 h posttrauma for eight severely injured patients with AIS 6-10 compared with five patients suffering moderate trauma with AIS 2-5. AIS score was positively correlated with the initial total protein and albumin excretion but not GGT excretion. Figure 1 illustrates the pattern of protein 2·5 2·0 <;t N <,
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Proteinuria following trauma 683 excretion with time for the two patient groups. After the initial high levels of urinary total protein, albumin and GGT activity, there was a fall in these proteins in all patients by day 1-2. By day 2-3, the AIS 6--10 group showed of injury the proteinuria may have common aetiologies.
Hypovolaemic shock, which elicits a variety of neuroendocrinological responses? and the release of toxic substances from the site of injury, are features common to both burned and injured patients.
The homeostatic response to shock includes the release of renin and angiotensin." Angiotensin 2 will produce reversible proteinuria in rats," not only by its pressor action on the afferent and efferent arterioles of the glomerulus, but also by triggering rnesangial cell contraction. This reduces the capillary surface available for filtration, which when the GFR remains unchanged increases the filtered fraction." Under conditions of high angiotensin production and vasoconstriction, glomerular filtration is maintained by local production of vasodilatory prostaglandins. Treatment of nephrotic patients with non-steroidal antiinflammatory drugs, one of whose properties is the inhibition of prostaglandin synthesis, produces a reduction in proteinuria. III Thus, local prostaglandin release, in response to raised angiotensin 2 levels post-injury, may account for the apparent increase in glomerular permeability to plasma proteins.
The release of cellular components from the site of injury may also contribute to the immediate post-trauma protein loss, for example following burn injury toxic compounds have been shown to be released from burned tissue. II Infusion of both homologous or heterologous albumin into rats produces an acute and chronic proteinuria, 12 whilst for many years myoglobin has been implicated in acute renal failure following muscle damage.P: 14 More recently, unopposed free radical activity has been suggested as a cause of damage to transplanted kidneys. 15 Reperfusion, and hence, re-oxygenation, of an ischaemic kidney whose free radical scavenging pathways have been compromised, may lead to glomerular membrane damage and protein leakage. If> The probable tubular origin of the recurrent proteinuria in the more severely injured group suggests a different mechanism from those already discussed. Two possible causes have been suggested for this proteinuria in burns patients; the development of septicaemia, and the administration of aminoglycoside antibiotics to control this infection."
During the 6-day study period, seven out of the eight severely traumatised patients showed clinical and bacteriological evidence of infec-
The immediate post-trauma protein and albumin excretion appear to be quantitatively related to the severity of injury, with the greatest proteinuria occurring in the most severely injured patients.
These results show remarkable similarity to those found in burns patients. It has been shown previously that burns patients exhibit a transient glomerular and tubular proteinuria, the magnitude of which is related to the size of the burn." 3 The similarity continues in that patients with the largest burns show a second rise in excretion of tubular proteins at 4--6 daysr' These results suggest that for both types increases in both total protein and albumin excretion compared with AIS 2-5 group, which reached a maximum 3-4 days post-trauma. The mean ratio of albumin to total protein immediately post-trauma was 0·38 for the AIS 6--10 group, and 0·40 for the AIS 2-5 group, which with the increased GGT excretion suggest that there was a combined glomerular and tubular proteinuria. 6. ? The mean albumin/total protein ratio during the secondary rise in total protein excretion in the AIS 6--10 group was 0·25, consistent with a predominantly tubular lesion." The mean serum CRP levels in the severely injured group reached a maximum on day 3 which coincided with the secondary total protein peak (Fig. 2) . tion, whilst only one of the five less severely injured patients became infected. This, together with the finding that the second proteinuria peak in the severely injured patients coincided with that for serum CRP, supports the probable role of acute phase response in the recurrent urinary protein leak. The degree to which aminoglycosides contribute to the .production of tubular proteinuria during sepsis appears to be controversial. Whilst there is evidence of aminoglycoside associated tubular proteinuria.!" during sepsis one worker could find no evidence that these drugs contributed to the existing proteinuria. 1M Of the eight patients comprising the AIS 6-10 group, only one received an aminoglycoside during the study period.
The question remains as to why trauma, sometimes at a site distant from the kidney, can produce an immediate glomerular and tubular proteinuria. The mechanisms involved in the damage or modification of membranes may not be peculiar to the kidney. Investigation of the possible causative factors, and their prevention, may have benefits for trauma victims wh'ich reach beyond the kidney itself.
